The grou n d -(S 0) and e x cited -(S ) and Ti) state spectra o f seven derivatives o f 9-acetoxy-10(4'-acetoxy)phenylanthracene were determined in the region 50000 -15000 cm -1 ( 
Introduction
A nthracene has th ree positions (1, 2 and 9) for m onosubstitution, in w hich the density o f the ring electrons differs significantly. T he m eso-position 9 is the m ost electron-rich one o f the ring, and the bond lies in the direction o f the low est energy tra n sition m om ent (S0( 'A lg) -► S i ( 1B2u)). It is know n from earlier studies [ 1 -3 ] th a t a com plete c o p lan a r ity betw een a sub stitu en t at position 9 and the ring is often sterically hin d ered by the hydrogens at the positions 1 and 8. F or su b stitu tio n in position 2 (which is the least electron-rich position), the su b stituent axis is m ore aligned w ith the d irectio n o f the second an th racen e tran sitio n (S0( 'A lg) -> ^2 ( 1 ^3U)) an d steric hin d ran ce to coplanarity is alm ost insignificant. T he electron density at po si tion 1 is interm ediate betw een the o th er two. A group substituted at position 1 lies nearly along the axis o f the S0( 'A lg) -* S, ( 'B 2u) transition and the steric hindrance from the ring hydrogens is in te r m ediate com pared to positions 2 and 9. T he spectral properties o f the substitu ted anthracenes are d e p e n dent on the position and on the kind o f the func tional group.
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In o u r previous studies the spectral p ro p erties o f m ono-and m u lti-substituted anthracenes w ere d is cussed in som e detail [4 -7 ] , Som e o f these co m pounds show lasing [8, 9] . A m ong the lasing co m pounds we found a group o f m olecules w ith d is tinctly different laser p aram eters from the re m a in ing ones. The com pounds o f this group have an acetoxv and an aryl group (w ith substituents -O A c , -M e , -F . -Cl, in the position 2' o f the phenyl ring) substituted in the positions 9 and 10 o f th e a n th racen e ring, respectively. In the papers [6, 9] it was suggested that the steric h indrance o f those su b stituents by hydrogens o f th e anthracene ring change the planarity o f the m olecule d uring th e ab so rp tio n process.
T his p ap er confirm s som e earlier suggestions and shows how the different aryl substituents influence the ground state (S0 -* Si) and excited state (Si -► S;. and Ti -> T m) ab sorption spectra. T he so-called m irro r sym m etry relation betw een suitably n o r m alized absorption and em ission spectra is given and discussed.
Experimental
T he structural form ulae o f the com pounds u n d er investigation are given in T able 1. T h eir synthesis is described in [10] . The p u rity o f these com pounds 0340-4811 / 86 / 1000-1200 $ 01.30/0. -Please o rd e r a reprint ra th e r than m aking your own copy. The ground state abso rp tio n spectra in n-heptane 5 -1 0 _ 5 M ol/l w ere m easured w ith a Perkin-E lm er (m odel 402) spectrophotom eter.
T he fluorescence spectra were obtained by m eans o f a photoelectric m ethod described in [11] , The spectral halfw idths o f the exciting and fluorescence b eam s are 6 and 3 nm , respectively. T he influence o f reabsorption was experim entally m inim ized, and the spectra w ere corrected for the response function o f the p h o to m u ltip lier and m onochrom ator.
T he excited state absorption m easurem ents of d ioxane solutions (c = 3 • 10-3 Mol/1) were p er form ed w ith a laser spectrophotom eter described in [7] 
erSo, <7Sl an d °Ti are the photon absorption cross sections o f the S0, Sj and T! electronic states, re spectively, t0 is the tim e delay betw een the exciting and analysing pulses o f the N 2-and dye lasers, r the h a lf w idth o f the dye laser pulse and d the ab so rp tion depth for w hich <rSo (337.1) NSod= 1. 70 is the light intensity o f the entrance beam o f the dye laser. T aking into account th at the decay tim e r Sl<^ r Tl, we are able to find such a delay betw een the ex citing and analysing laser pulses th a t in the solution one finds excited m olecules in the S, or T, state only [7] , T hen the absorbances at a particu lar w ave length o f the Si -► S* or T] -» T" transition are . T he unknow n values NSi and Nf*x can be elim inated by com p ariso n [7] , perform ing identical m easurem ents for a co m p o u n d whose <rSl(v) and erTl(v) spectra are known. L abelling by s and .v the p ro p er constants o f the reference and unknow n com pounds, respectively, the ab so rp tio n cross sections erSl(v) and crTl(v) can be d eterm ined using the fo rm u lae [7] ff$i(v) = cr^(v)
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Results and Discussion

The mirror and symmetry relationship
T he structural changes in th e ground-and excited state geom etries o f a m olecule and its solvent cage can be d eterm in ed by the d eg ree of m irro r sym m etry o f the co rresponding ab so rp tio n and fluo rescence spectra. As it was show n by Blochincev [12] , F ö rster [13 and Stepanov [14] , th e m irror im age sim ilarity is noticed only if th e following conditions are fulfilled: a) the tran sitio n m om ents for the absorption and em ission processes are eq u al, i.e. Ö go. ev' (^) - c) th e f o llo w in g r e la tio n s b e tw e e n th e fr e q u e n c ie s o f the a b so r p tio n a n d e m is s io n sp ec tra are v a lid :
In order to a n a In th e flu o rescen ce sp ectra th e d istr ib u tio n d iffers fro m th a t o f a n th ra c e n e . E sp e c ia lly it is e v id e n t fo r th e v ib r a tio n a l tr a n sitio n v' = 0 -> v" = 0 an d 3 w here the difference betw een the F ranck-C ondon factors is Sg0 GO -S q o . e o ^0 . 1 . F o r the other v ib rational transition the above value is about 0.05. T he observed changes o f the spectral structure can be explained using a four energy level diagram (see Fig u re 2) . The absorbing and em itting states are classified as therm al eq u ilib riu m (EQ) ground and excited states. T he m olecules from the Franck-C ondon states (FC ) rearrange the nuclear configura tion characterized by the F ranck-C ondon destab ili zation energies AESl and AE0. It follows from Fig. 2 th at z l£ Sl + ^s "^( v o \ -v 0 E").
T he d estabilization energy o f the com pounds under study are collected in colum n 6 o f T able 1 (upper num bers). In the sam e colum n (low er num bers) the values o f the Stokes shift and the d ep a rtu re from th e m irro r sym m etry reatio n sh ip definite as vst= *~o.o ~ V *g [15] and J 5 '-= X *-*EO. G v " *^G 0. Ev' ~ ' 1 0 0 % . r' r"
respectively, are given. T he com pounds can be divided into two groups. T he first one (II -V having an additional functional group in the position 2 ') and the second one (com pounds VI -VIII w ith supplem entary substituents in the position 2 and 3 o f the anthracene skeleton). A nthracene and 9-acetoxy-10(4'-acetoxy)phenylan thracene (I) are used as a standard. From the spectra in Fig. 1 Fig. 3 . The ground-and excited-state absorption spectra of: a) 9-acetoxy-10(2',4'-diacetoxy)phenylanthracene, b) 9-acetoxy-10(4'-acetoxy-2-'-metoxy)phenylanthracene in dioxane----the S0 -> Sl9 S2 and S3 absorption cu rv e,-------nor malised fuorescence spectrum, -A -A -Sj -> Sk (ASl) and -x -x -Tj -* T" (ATl) absorbances spectra. and their absorption cross sections. Comparing the obtained values with the respective data of anthra cene (they are given in parentheses) one finds that they are shifted to longer wave lengths. The shifts with respect to the position of the 0 -0 vibronic transition of anthracene are 1250, 750 and about 300 cm -1 for the first group of compounds. Com pounds possessing additional functional groups in the positions 2 and 3 of the anthracene ring (second group of compounds) exhibit larger shifts of all three bands. They are particularly large for the S0 S2 and S0 -*■ S3 bands (800, 1000 and 1400 cm-1 for the S0 -*• S2 band and 1000, 1100 and 3000 cm-1 for the S0 -► S3 band of the compounds VI, VII and VIII, respectively). These shifts occur because the electronic transition moment responsible for those bands is parallel to the longer axis of the molecule.
The analysis of the absorption cross sections (a (v) = 3.81 • 10" 17 e (v)) indicates that the substi tuents in compounds of the first and partly of the second group cause a 12% and 30% increase of the a (v) value for the S0 -> • S] and S0 -* S3 bands and a 20% decrease in the S0 -► S2 band with respect to anthracene. It must be noted that the acetoxy and metoxy groups substituted at positions 2 and 3 of the anthracene skeleton influence the ground state absorption spectra otherwise. The intensities of the two first bands are significantly weaker, and for the S0 -► S3 band stronger than those of anthracene. These findings confirm that for this class of com Fig. 4 . The ground and excited state absorption spectra of: a) 2-mehyl-9-acetoxy-10(4'-acetoxy)phenylanthracene and b) 3-metoxy-2,9-diacetoxy-10(4'-acetoxy)phenylanthracene in dioxane (marked as in Figure 3 ). pounds the intensity of the absorption bands de pends mainly on the position of substitution and the kind of the functional group substituted in the an thracene ring.
The excited state absorption spectra
In Figs. 3 and 4 dashed curves with triangles and crosses give the excited singlet, A Sl(v), and excited triplet, ATl(v), absorbances of the compounds in di oxane solution at the room temperature. These spec tra are averaged over five measurements. The maxi mum deviation between measurements was < 20% even when data were obtained from samples in dif ferent experimental runs. The absorbance spectra ASl(v) and ATl(v) have been deconvoluted into three peaks of different intensity. Their absorption cross sections and wave numbers are collected in Table 2 , column 3 and 4. The corresponding data for anthracene are given in parenthesis.
Scrutinizing the absorption spectra of triplet states it can be concluded that functional groups as well as their location in the phenyl ring do not influence the intensities and positions of the vibra tional peaks. Weak auxochromes additionally intro duced into positions 2 and 3 of the anthracene ring cause a small change of the peak positions (a batochromic shift with respect to the parent hydrocar bon, see Fig. 5 ) and an intensity decrease of the peak at 23300 c m '1. The intensity of the second peak at about 22400 cm-1 remains unchanged with- in the limit of the experimental error of the AXl(v) determination. The intensity behaviour of those two peaks suggests that the peaks belong to a different electronic transition. In accordance with the classifi cation discussed for anthracene in [18, 19] , these two peaks belong to the T[ (3B2u) -*■ Tm (3Alg) and T| (3B2u) -* T "(3Blg) transitions, respectively. The transition moments of those bands are parallel to the shorter (a) and longer (b) axis of the molecules. There is an exception for the molecule IV, for which the triplet absorption cross sections of both elec tronic transitions are smaller than for the corre sponding other compounds. It must be noticed that the maximal erXl at 23400 cm "1 is about four times smaller than that of anthracene. This makes the T] -> T" absorption measurements more difficult.
As it was mentioned, the Si -*• S*. absorbance spectra were also deconvoluted into three peaks.
The long-wave peak is responsible for the S! ('B 2u) -»•S/ t ( 1A 1g) transition. This transition is hipsochromically shifted by 400 cm -1 with respect to the corresponding band in anthracene (see Figure 5 ). The intensity is constant within the limits of the ex perimental error and is slightly weaker than in the case of anthracene (the average absorption crosssection for all compounds is (3.60 ± 0.24) 10~,7cm2 whereas it is for anthracene (3.80 + 0.36) 10_17cm2. The second peak at about 18000cm-1 corresponds to the S] ('B2u) -»■ S /('B ,g) transition and is hipsochromically shifted by about 200 cm -1 with respect to anthracene. The intensity of this peak is 25% smaller than for anthracene. The third peak at 20100cm -1 is very weak and needs further studies before it can be discussed.
It follows from theoretical studies [18, 19] that the transition moments of the two identified peaks are parallel to the longer and shorter axis of the mole- Table 2 . Cross sections for absorption from S,-and T r states and their peak frequencies for the substituted derivatives of 9-acetoxy-10(4'-acetoxy)phenylanthracene in dioxane. The values for anthracene, given in parantheses, were used as a standard. cules. The observed shifts and intensity changes do not allow us to draw conclusions on the correlations between the kind of substituents, position of the substitution and the changes of the energy value of the high-lying electronic states. Further measurements could give more precise data helpful in the classification of the separate electronic transitions in the excited absorption spec tra.
Transition
